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A recent paper claims that the increase of the pro- 
ton electric charge e leads to a (forbidden) decrease of black 
hole entropy, therefore, possible evidence for variation of 
Q! = e^/Rc H must be interpreted as a decrease of the speed of 
light. We argue that purely theoretical consideration of black 
holes possibly cannot give any model-independent limitations 
on variation of fundamental constants. 

The entropy S is, in fact, a dimensionless function. 
Indeed, we can measure temperature in more natural en- 
ergy units and take the Boltzmann constant fc = 1 or 
just consider S/k. It is convenient to present the di- 
mensionless entropy of a charged black hole in terms of 
dimensionless parameters: 



(1) 



Here ^ = M/Mp, M is the black hole mass,A/p = 
{Tic/Gf/'^ is the Plank mass, Z is the black hole charge in 
units of the proton charge. This expression does not con- 
tain explicitly any parameters which have dimension j^] 
(speed of light, proton electric charge, etc.). Therefore, 
in this case we may only discuss variation of two dimen- 
sionless parameters: mass of the black hole in units of 
the Plank mass [^i] and a Similar arguments were 
presented in a recent comment 

However, the question remains: can we extract any 
limitations on variation of ix{t) and a(t)? We should 
recall that the event horizon area A of the black hole 
is quantized Because of the relation between the 
entropy S and the horizon area A one also can obtain 
the entropy quantization: 
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where 7 is a numerical constant, n—\,2,... is an integer 
(in fact, in Ref. a neutral black hole has been dis- 
cussed; for the validity of eq. (|^) we possibly need an 
extra condition n » 1). This quantization condition 
gives us /i as a function of a and the number of quanta 
n: 



M _ 7 • n -f Z'^a 
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One may compare this result with that for the hydrogen 
atom where we have energy levels in atomic units me^ jT? 
as a function of the principal quantum number n. These 



levels also depend on a if we include relativistic correc- 
tions. Actually, such a dependence of transition frequen- 
cies on a in many-electron atoms (this dependence was 
calculated in ||^) was used in |^ to measure the a varia- 
tion. Therefore, the time dependence of a, possibly, does 
not lead to any specific problems for the black holes, it 
just gives us the dependence [lit). The entropy in this 
case does not change. 

We may even ignore this quantization condition and 
consider a heavy "classical" black hole. One can suggest 
that the dependence Q;(t) will lead to a zero or negative 
expression under the square root sign in eq. (^ which 
also appears in the formula for the horizon area (see a 
similar suggestion for variation of the charge e in Ref. 
Here again an atomic analogy may be useful. The energy 
of the Is level in the Dirac equation in the Coulomb field 
is given by the following expression: 
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Here the energy includes the rest mass mc^. If we take 
Z = 137 « 1/a and begin to increase a the expression 
under the square root becomes negative and the station- 
ary state Is disappears (for the nucleus of any finite size 
it does not happen at energy E = but the problem 
appears again for E = —mc^). This only means that 
the system becomes non-stationary. The strong Coulomb 
field creates an electron-positron pair, the positron goes 
to infinity and the nuclear charge reduces to an allowed 
value {Z to Z — 1). The same may happen to the black 
hole: after some radiation it becomes "normal" . There- 
fore, the possibility of a negative expression under the 
square root sign in eq. (|l|) or (^ does not mean that 
certain variations of a are forbidden. 

This consideration provokes another question. Can 
Nature use variation of fundamental constants to even- 
tually eliminate black holes? For an external observer 
the free fall of a body to the horizon requires an inifi- 
nite time. If by that time the horizon disappears we may 
arrive at some interesting problems. However, the job 
of elimination of black holes, possibly, can be done more 
efficiently by Hawking radiation. 

Of course, this consideration is too simplistic and does 
not involve any particular model of the fundamental con- 
stant variation. However, it is clear that one can not ob- 
tain any model independent limits for the separate vari- 
ation of e and c from the consideration of the black hole 
entropy since eq. (^ for this entropy does not contain e 
and c. Moreover, it does not seem to be easier to derive 



reliable limits on variation of the fundamental constants 
by considering such complicated objects as black holes 
instead of usual atoms, nuclei and stars. 

I am grateful to Michael Kuchiev for stimulating dis- 
cussions. 
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